Abstract Efficacious treatments for seasonal affective disorder include light therapy and a seasonal affective disorder-tailored form of cognitive-behavioral therapy. Using data from a parent clinical trial, these secondary analyses examined the relationship between cognitive change over treatment with cognitive-behavioral therapy, light therapy, or combination treatment and mood outcomes the next winter. Sixty-nine participants were randomly assigned to 6-weeks of cognitive-behavioral therapy, light therapy, or combination treatment. Cognitive constructs (i.e., dysfunctional attitudes, negative automatic thoughts, and rumination) were assessed at pre-and posttreatment. Dysfunctional attitudes, negative automatic thoughts, and rumination improved over acute treatment, regardless of modality; however, in participants randomized to solo cognitive-behavioral therapy, a greater degree of improvement in dysfunctional attitudes and automatic thoughts was uniquely associated with less severe depressive symptoms the next winter. Change in maladaptive thoughts during acute treatment appears mechanistic of solo cognitive-behavioral therapy's enduring effects the next winter, but is simply a consequence of diminished depression in light therapy and combination treatment.
Introduction
Winter seasonal affective disorder (SAD) is a subtype of recurrent depression characterized by a regular seasonal pattern of major depressive episodes during the fall and/or winter months (Rosenthal et al. 1984) . SAD is associated with impaired psychosocial functioning during the winter months (Schlager et al. 1995) with symptoms such as a depressed mood, anhedonia, a significant change in sleep length, eating and weight changes, fatigue, and difficulty concentrating (Rosenthal et al. 1984) .
Light therapy is empirically-supported and currently the gold standard treatment for acute SAD, prescribed as exposure to bright artificial light in the morning hours, daily through the fall and winter months (Lewy et al. 1987 (Lewy et al. , 1998 Terman et al. 2001; Terman and Terman 2005) . Preliminary studies suggest that a form of cognitivebehavioral therapy (CBT) 1 tailored specifically for SAD (Rohan 2008 ) is comparably efficacious to light therapy in the acute treatment of SAD (Rohan et al. 2004 (Rohan et al. , 2007 . Additionally, acute CBT treatment also appears to buffer against relapse the following winter, as evident by fewer SAD episode recurrences and less severe patient-and interviewer-rated depressive symptoms during the next winter relative to patients who received initial treatment with light therapy (Rohan et al. 2009b) . Theoretically, CBT for SAD targets a psychological vulnerability involving maladaptive cognitions (e.g., negative core beliefs, dysfunctional attitudes, rumination), behavioral disengagement, and emotional reactivity to winter-and low-light stimuli (Rohan et al. 2009a; Tierney et al. 2011) . The 12-session SAD-tailored CBT protocol includes restructuring negative cognitions, increasing behavioral activation, and relapse prevention for subsequent fall/winter seasons. Although light therapy research and preliminary CBT studies have shown both are efficacious in treating SAD, these two treatments have very different proposed mechanisms of action underlying their antidepressant effects. Indeed, light therapy and CBT are designed to target different vulnerabilities (i.e., physiological vs. psychological) to SAD, respectively (see Rohan et al. 2009a for a review). Correction of a misaligned circadian rhythm in nocturnal melatonin release (Lewy et al. 2006 ) is hypothesized as the mediator of light therapy's antidepressant effects, whereas cognitive mediation is proposed to underlie CBT's antidepressants effects. In examining mechanisms of action underlying SAD treatments, several time points are of interest. Assessing process measures across acute treatment provides information on mechanisms that underlie improvements in depression while SAD treatment is actively underway. Measurement through treatment endpoint is particularly important to elucidate mechanisms of action for a palliative SAD treatment, one that suppresses symptoms as long as treatment is being administered (Hollon et al. 2006) .
In the case of SAD, linking changes in process measures across acute treatment during the initial winter of study to depression outcomes in the next winter season provides information on treatment-related changes that may fortify an individual against SAD recurrence (i.e., a wholly new winter depressive episode following a spontaneous spring/ summer remission). This type of longitudinal prediction is especially relevant for highlighting mechanisms of action in a prophylactic SAD treatment, one that changes underlying vulnerability processes in a lasting way that serves to prevent depression recurrence after treatment has ended (Hollon et al. 2006) . The current study capitalizes on the predictable pattern of SAD episodes in an effort to examine the association between changes in cognitive constructs over 6-weeks of acute treatment with CBT, light therapy, or combined treatment and symptom severity at a followup the next winter.
To date, there is no research on whether cognitive constructs change over the course of CBT for SAD or whether the degree of cognitive change over treatment relates to outcomes during the next winter. However, research in the field of nonseasonal unipolar depression has found that cognitive constructs change over the course of cognitive therapy (for a recent review please see Garratt et al. 2007 ). This research has focused on the depressive cognitive constructs derived by Beck (1967 Beck ( , 1976 , (i.e., dysfunctional attitudes, negative automatic thoughts, and cognitive reactivity), as well as, ruminative response style (Nolen-Hoeksema 1991).
Beck's cognitive theory for depression proposes three levels of thinking that are involved in the onset and maintenance of depression: core beliefs or schema, intermediate cognitions (i.e., attitudes, rules, and assumptions), and automatic thoughts (Beck 1967; Beck et al. 1979) . Dysfunctional attitudes are the rules and assumptions activated by underlying schemas or core beliefs, which guide negative automatic thoughts or brief, conscious moment-to-moment cognitions (Beck 1967 (Beck , 1976 Beck et al. 1979) . In addition to cognitive constructs derived from Beck's cognitive model, studies have also examined treatment-related change in rumination, or a tendency to focus on one's symptoms of distress and the causes and consequences of them when in a depressed mood (NolenHoeksema 1987) .
Unipolar depression research has examined treatmentrelated change in dysfunctional attitudes and negative automatic thoughts across treatment modalities (i.e., cognitive therapy, group CBT, pharmacotherapy, other psychotherapy interventions, or a combination of modalities) and has found that these cognitive constructs decrease from pre-to post-treatment (Barber and DeRubeis 2001; Bowers 1990; DeRubeis et al. 1990; Dingle et al. 2010; Dozois et al. 2009; Imber et al. 1990; Jones et al. 2008; Kwon and Oei 2003; Oei et al. 2006; Oei and Sullivan 1999; Oei and Yeoh 1999; Schmaling et al. 2002; Seligman et al. 1999; Simons et al. 1984; Stravynski et al. 1994; Westra et al. 2002) . Two studies in the unipolar depression field examined the temporal relationship between change in these cognitive constructs and depression. The findings from these studies indicate that early change in dysfunctional attitudes and negative automatic thoughts is associated with subsequent improvements in depression (Coleman et al. 2010; DeRubeis et al. 1990 ). In one of these studies, DeRubeis et al. (1990) examined change in dysfunctional attitudes over treatment with either cognitive therapy or pharmacotherapy (i.e., imipramine) in 64 depressed individuals. Change early in treatment (i.e., from pre-to midtreatment) in dysfunctional attitudes predicted subsequent improvement in depression scores (i.e., from mid-to posttreatment) in the cognitive therapy group only, suggesting that cognitive change acts as a mechanism for subsequent improvement in depression in cognitive therapy specifically.
Current literature on cognitive mechanisms underlying cognitive therapy has been limited to the field of nonseasonal unipolar depression, with no research on cognitive change over SAD treatment. The present study explores this question in a secondary analysis of our published clinical trials for SAD (Rohan et al. 2004 (Rohan et al. , 2007 (Rohan et al. , 2009b . The aim of the current study is to examine whether the degree of change in dysfunctional attitudes, negative automatic thoughts, rumination, and distraction over the 6-weeks of acute treatment with light therapy, CBT, or their combination predicts depression severity during the next winter season. A positive predictive relationship between treatment-related cognitive change and mood outcomes in the next winter would imply the presence of a mediation effect underlying long-term treatment outcomes. We hypothesize that cognitive change over acute treatment is mechanistic only for treatments involving CBT (solo or combined with light therapy), and that any cognitive change that occurs over acute light therapy is incidental to general improvements in depression rather than a necessary component underlying light therapy's efficacy. Therefore, we hypothesize that cognitive change over treatment will uniquely relate to next winter outcomes in treatments that include CBT because CBT is presumed to be a preventive treatment that changes underlying cognitive vulnerability processes to fortify an individual with SAD against recurrences.
Method

Participant Eligibility and Screening
This research is based on data from a parent clinical trial testing the efficacy of treatments for SAD, including an initial feasibility study (Rohan et al. 2004 ), a subsequent controlled, randomized clinical trial (Rohan et al. 2007) , and the next winter follow-up outcomes (Rohan et al. 2009b) . The studies were conducted at a research-based seasonality clinic at the Uniformed Services University of the Health Sciences and were approved by the university's institutional review board. Participants were recruited from the metropolitan Washington, DC area through community advertisements. The feasibility study took place over one fall/winter season (2000/2001) , and the controlled trial was conducted over the course of three consecutive fall/winter seasons with initial recruitment in 2001/2002. Screening and enrollment procedures were the same across these two studies and have been detailed elsewhere (Rohan et al. 2004 (Rohan et al. , 2007 .
Participants in both studies (a) were aged 18 or older, (b) met DSM-IV criteria for major depression, recurrent, with a seasonal pattern on the Structured Clinical Interview for DSM-IV Axis I Disorders-Clinician Version (SCID; First et al. 1995) , and (c) met criteria, described under Outcome Measures, for a current winter SAD episode as assessed by the Structured Interview Guide for the Hamilton Rating Scale for Depression-Seasonal Affective Disorder Version (SIGH-SAD; Williams et al. 1992 ). Exclusion criteria for both studies included (a) current psychological or psychiatric treatment (i.e., psychotropic medications, psychotherapy, light therapy) or plans to initiate such treatment, (b) presence of any current comorbid Axis I disorder on the SCID, (c) plans for major vacations or absences through March, and (d) bipolar-type SAD. The exception to (a) was a small subsample of participants in the feasibility study (n = 3) that otherwise satisfied all study criteria, but were taking stable doses of antidepressant medications at baseline. These participants were not included in the current analyses.
Randomization Procedure
For details on the randomization scheme and procedures, see the previously published efficacy studies (Rohan et al. 2004 (Rohan et al. , 2007 . In brief, participants were randomly assigned to one of three 6-week treatment conditions: group cognitive-behavioral therapy (CBT), light therapy (LT), or the combination of cognitive-behavioral therapy and light therapy (CBT ? LT). Treatments were assigned based on a list generated prior to recruitment using random permuted blocks with conditions stratified based on gender and race, reduced to two strata (i.e., White or minority).
Treatments
The treatment protocols and treatment adherence/fidelity data from the studies have been detailed elsewhere (Rohan et al. 2007 ). In brief, the SAD-tailored CBT condition utilized a group format with 4-8 participants per group and was conducted in accordance with the manual (Rohan 2008) . CBT was administered by the P.I. who wrote the manual and a clinical psychology graduate student cotherapist. To complete treatment before the spontaneous remission of SAD symptoms in the springtime, the 12-session protocol uses more frequent sessions of a longer duration over a shorter time (i.e., 90 min sessions held twice per week for 6 weeks) relative to cognitive therapy for depression (Beck et al. 1979) . The protocol uses CBT components (i.e., behavioral activation, cognitive restructuring, and relapse-prevention planning) within a seasonality framework to enhance coping with the winter season, limited light availability, and weather changes. LT in both studies utilized 10,000-lux SunRayÓ light boxes (SunBox Company, Gaithersburg, MD) with participants initiating treatment at home in two daily 45-min doses, one in the morning between 6:00 and 9:00 a.m. and one in the evening between 6:00 and 9:00 p.m. LT administration was continued daily for the 6 weeks of treatment. A flexible dosing regimen was used in the controlled trial with consultation from an outside LT expert (Teodor T. Postolache, M.D.) who individually tailored the time of day for light administration in order to maximize response, address evident phase shifts, and reduce reported side effects. Following the 6 weeks of supervised LT, participants could choose, if desired, to continue LT through the end of April, alleviating the ethical concern of treatment discontinuation upon trial completion. The CBT ? LT condition in both studies combined all of the procedures of the CBT and LT treatments.
Upon completion of the acute treatment phase, all participants were provided resource information regarding mental health providers and light box companies in the Washington, DC area. Participants were encouraged to continue their study treatment in subsequent fall/winter seasons (i.e., LT participants were encouraged to pursue LT and CBT participants were encouraged to continue using their CBT skills on their own), to seek additional treatment as needed, and to contact the PI if they desired a referral for further treatment.
Measures
Outcome Measures
The following outcome measures were collected in the clinical trial designs at pre-treatment, post-treatment, and next winter follow-up. Treatment efficacy results on these outcomes at post-treatment and next winter follow-up have been published elsewhere (Rohan et al. 2004 (Rohan et al. , 2007 (Rohan et al. , 2009b .
Structured Interview Guide for the Hamilton Rating Scale for Depression-Seasonal Affective Disorder Version (SIGH-SAD)
The SIGH-SAD (Williams et al. 1992 ) consists of two parts: the 21-item Structured Interview Guide for the Hamilton Rating Scale for Depression (HAM-D; Williams 1988) and a supplementary 8-item subscale used to assess atypical symptoms associated with SAD. This measure is the most commonly used measure in SAD research to assess changes in symptoms. We used accepted guidelines (Terman, Terman, and Rafferty 1990) to define SAD episode onset at study entrance: total SIGH-SAD score C 20 ? HAM-D score C 10 ? atypical score C 5. Trained raters, blind to treatment condition, completed the SIGH-SAD interviews at pre-treatment, post-treatment, and the next winter follow-up. Independent secondary raters scored an audiotape of the live SIGH-SAD interviews. Training procedures of the raters (Rohan et al. 2007 ) and inter-rater reliability statistics were reported previously (Rohan et al. 2007 (Rohan et al. , 2009b ).
Beck Depression Inventory-Second Edition (BDI-II)
The BDI-II is a 21-item self-report measure of depressive symptom severity with good test-retest reliability and convergent validity (Beck, Steer and Brown 1996) . The BDI-II has shown sensitivity for SAD with significant changes in scores across seasons in SAD patients compared to controls (Rohan et al. 2003 ). Cronbach's alphas in this study were 0.86 at pre-treatment, 0.93 at post-treatment, and 0.87 at next winter follow-up.
Moderator Measures
The following cognitive measures were administered at pre-treatment and post-treatment.
Automatic Thoughts Questionnaire (ATQ)
The ATQ is a 30-item self-report measure of the frequency of negative automatic thoughts related to depression and has shown good reliability and validity (Hollon and Kendall 1980) . Participants indicate how often they have experienced each thought in the past week on a 5-point Likert scale ranging from 1 (''not at all'') to 5 (''all the time''). Examples of items include ''I'm so disappointed in myself'' and ''My future is bleak.'' Cronbach's alphas in this study were 0.98 at pre-treatment and 0.96 at posttreatment.
Dysfunctional Attitude Scale: Form A (DAS)
The DAS (Weissman and Beck 1978 ) is a self-report measure of conviction in 40 beliefs that are commonly endorsed by depressed individuals. This measure has shown high internal consistency and test-retest reliability (Weissman and Beck 1978) . Items include statements such as ''If I do not do well all the time, people will not respect me'' and ''If a person asks for help, it is a sign of weakness.'' Participants rate the beliefs on a 7-point Likert scale from 1 (''totally disagree'') to 7 (''totally agree''). Cronbach's alphas in this study were 0.92 at pre-treatment and 0.91 at post-treatment.
Response Styles Questionnaire (RSQ)
The RSQ (Nolen-Hoeksema et al. 1993 ) is a 32-item selfreport measure assessing the frequency of using rumination and distraction in response to a depressed mood. Participants indicate how frequently they engage in each type of response when feeling depressed on a 4-point Likert scale ranging from 0 (''almost never'') to 3 (''almost always''). Examples of statements include ''Think about how sad you feel'' and ''Go to a favorite place to get your mind off your feelings.'' The Rumination and Distraction subscales have high levels of internal consistency and correlate significantly with respondents' actual use of rumination and distraction responses (Nolen-Hoeksema and Morrow 1991). Cronbach's alphas in this study were 0.95 and 0.88 at pre-and post-treatment, respectively, for the Rumination subscale and 0.77 and 0.79 for the Distraction subscale.
Next Winter Follow-up Procedures
In both studies, participants who provided post-treatment data were asked to return for a naturalistic follow-up in the next winter during January or February. January and February were chosen as the months of assessment because they are associated with the largest proportions of SAD patients in episode compared to other months (Rosenthal et al. 1984) . By design, the participants assigned to the wait-list control group were not assessed at follow-up and were, therefore, not included in the current study. The SIGH-SAD and BDI-II were administered, and participants were compensated $50.
Statistical Analyses
To test our hypothesis that cognitive change over treatment will uniquely relate to next winter outcomes in treatments that include CBT, we conducted an intent-to-treat (ITT) analysis using all 69 participants randomized to CBT, LT, or CBT ? LT and multiple imputation of missing data (Little and Yau 1996; Mazumdar et al. 1999; Schafer and Graham 2002) . A separate regression was run for each cognitive measure with each dependent variable (follow-up SIGH-SAD or BDI-II score). The degree of change in cognitive constructs across treatment, regardless of pretreatment levels, was represented as a change score (i.e., pre-treatment minus post-treatment score), computed for each cognitive measure (dysfunctional attitudes, negative automatic thoughts, rumination, and distraction).
2 Six variables were included in each regression analysis: pretreatment depression severity (on the SIGH-SAD or BDI-II), treatment group as two dummy coded variables, cognitive change score, and two interaction terms comparing the effects of cognitive change on next winter depression severity in CBT versus LT and in CBT ? LT versus LT. As LT is the gold-standard treatment for SAD, this group served as the comparison. Significant interactions were explored graphically post hoc (Aiken and West 1991) . All analyses were repeated, using available data, without imputation, from the 52 participants who completed the acute treatment phase and the next winter follow-up. These analyses were conducted to examine consistency between completers-only and the ITT analysis, however, the ITT analyses are considered primary. For all tests, p values of 0.05 or less were considered statistically significant.
Results
Enrollment and Participant Characteristics
Participant demographic characteristics and flow through the study were presented elsewhere (Rohan et al. 2007 (Rohan et al. , 2009b . Participants were primarily female (92 %), Caucasian (80 %), and college educated (75 %), with a mean age of 46.4 years. The treatment groups did not differ on gender, ethnicity, age, or depression severity at baseline. Over 4 years of recruitment, 72 participants were randomized to treatment (24 CBT, 25 LT, 23 CBT ? LT). Three participants were excluded from these analyses due to antidepressant medication at baseline (1 CBT, 1 LT, 1 CBT ? LT). Thus, the final sample sizes were as follows Excluded based on in-person interview (n = 48) Not meeting inclusion criteria (n = 26) Refused to participate (n = 11) Not interested in completing interview (n = 11) Fig. 1 Flow of participants across two pilot studies from randomization through completion of treatment and next winter followup. LT light therapy, CBT cognitive-behavioral therapy, CBT ? LT cognitive-behavioral therapy-plus-light therapy, WLC a concurrent wait-list control (i.e., a minimal contact/delayed light therapy control). This diagram includes the three randomized participants (1 LT, 1 CBT, 1 CBT ? LT) from our feasibility study that were taking stable doses of antidepressant medications at baseline. All three completed acute treatment and provided next winter followup data. Data from these three participants were excluded from the current analysis. The design of the randomized controlled trial (Rohan et al. 2007 ) included a concurrent wait-list control group (WLC), involving weekly SIGH-SAD interviews for 6-weeks, followed by supervised light therapy. Although WLC participants are included in this diagram for completeness, only participants assigned to active treatment (CBT, LT, or CBT ? LT) were utilized in the current study as the WLC did not provide follow-up data outcome measures; LT was used as the comparison group as it is considered the gold standard treatment for SAD. As a preliminary step in examining our hypotheses, we explored the change in dysfunctional attitudes, negative automatic thoughts, rumination, and distraction across the 6-weeks of acute treatment with CBT, LT, and their combination. We fitted mixed effects regression models with treatment group (CBT, LT, CBT ? LT), time (pre-and post-treatment) and their interaction as fixed effects and subject as a random effect. Significant time main effects were evident on the DAS, ATQ, and RSQ-Rumination scales. Averaged across treatment groups, there was a significant decrease in DAS, ATQ, and RSQ-Rumination scores from pre-treatment to post-treatment [F(1,56) = 20.82, p \ .001, F(1,57) = 59.53, p \ .001, F(1,57) = 13.46, p \ .001, respectively]. In contrast, averaged across treatment groups, there was not a significant change in RSQ-Distraction scores from pretreatment to post-treatment [F(1,57) = 2.24, p = .14]. Our results did not reveal a significant Treatment Group 9 Time interaction for any cognitive construct, suggesting that changes in dysfunctional attitudes, negative automatic thoughts, rumination, and distraction over treatment did not differ according to treatment condition. Subsequently, we conducted the mixed effects regression models using multiple imputation to examine the aim and hypotheses of the current study. Tables 2 and 3 display the results of these models examining cognitive change in prediction of next-winter BDI-II and SIGH-SAD scores, respectively. There was not a significant effect of pretreatment BDI-II or SIGH-SAD score on follow-up BDI-II or SIGH-SAD score, respectively, in any of the analyses. Treatment group, comparing CBT versus LT, was significant in the prediction of follow-up SIGH-SAD scores in the models analyzing change in RSQ-Rumination and RSQDistraction scores. There was not a significant effect of cognitive change over acute treatment in predicting followup depression scores in any of the analyses. The interaction term comparing CBT to LT was significant or approached significance in three of the eight models: When predicting next winter follow-up BDI-II scores from DAS change and ATQ change, and when predicting follow-up SIGH-SAD scores from ATQ change. The details of these analyses follow. The interaction term comparing CBT ? LT versus LT was not significant in any of the analyses.
When baseline BDI-II score, treatment type, change in DAS score, and the interactions of treatment group and DAS change were entered into the model in the prediction of next winter follow-up BDI-II scores, the CBT versus LT 9 DAS change interaction was statistically significant (b = -.19, SE = 0.09, t[32.7] = -2.03, p = .05). A similar result was found when using change in frequency of automatic thoughts as a predictor of next-winter follow-up BDI-II scores. More specifically, in the model consisting of baseline BDI-II scores, treatment type, change in ATQ score, and the interactions of treatment group and ATQ change, the Treatment Group 9 ATQ change interaction for CBT versus LT approached statistical significance (b = -.21, SE = 0.11, t[10.2] = -2.15, p = .09). In the prediction of next winter follow-up SIGH-SAD scores, the Treatment Group 9 ATQ change interaction for CBT versus LT was statistically significant when baseline SIGH-SAD scores, treatment type, change in ATQ scores, and the interactions of treatment group and ATQ change were in 
Completer Analyses
Analyses were conducted with the 52 participants who completed acute treatment and attended the next winter follow-up. The overall pattern of results examining cognitive change over treatment in prediction of next winter follow-up depression scores by treatment group was similar to those from the ITT analyses with one exception. In the prediction of next winter follow-up BDI-II scores, Similarly, the CBT versus LT 9 ATQ change interaction approached significance as a predictor of next winter SIGH-SAD scores (b = -.25, SE = 0.14, t[44] = -1.77, p = .08); this predictor was statistically significant in the ITT analysis. Unlike the ITT analysis, the CBT versus LT 9 DAS change interaction was not a significant predictor of next winter BDI-II scores (b = -.16, SE = 0.10, t[43] = -1.50, p = .14).
Discussion
The predictable seasonal pattern of depressive episodes in SAD facilitates the examination of mechanisms underlying long-term outcomes following treatment. Previous studies have demonstrated comparable efficacy of light therapy and a SAD-tailored form of cognitive-behavioral therapy (CBT) in the acute treatment of SAD (Rohan et al. 2004 (Rohan et al. , 2007 with fewer SAD episode recurrences and less severe patient-and interviewer-rated depressive symptoms associated with CBT the next winter (Rohan et al. 2009b) . Light therapy and CBT are assumed to target different vulnerabilities (physiological and psychological, respectively) to SAD. This study is a first step in determining whether cognitive mechanisms of action underlie the acute (i.e., post-treatment) and long-term (i.e., next winter) efficacy of CBT for SAD relative to light therapy. Across the 6-week acute treatment phase in the initial winter, change in dysfunctional attitudes, negative automatic thoughts, and rumination or distraction tendencies did not differ between CBT, light therapy, or combined CBT and light therapy. Collapsing across treatment groups, Dysfunctional Attitudes Scale (DAS), Automatic Thoughts Questionnaire (ATQ), and Response Styles Questionnaire (RSQ)-Rumination subscale scores were significantly lower at post-treatment relative to pre-treatment. In SAD, cognitive change appears to be associated with a reduction in depressive symptoms, not dependent on whether maladaptive cognitions are a focus in treatment, supporting the non-specificity of cognitive change over depression treatment for unipolar nonseasonal depression (DeRubeis et al. 1990; Dozois et al. 2009; Imber et al. 1990; Oei and Yeoh 1999; Simons et al. 1984; Schmaling et al. 2002; Stravynski et al. 1994) .
Examining the relationship between treatment-related cognitive change and mood status the following winter represents an initial step in elucidating potential mechanisms of long-term treatment outcomes. All three active treatment groups showed significant and comparable reductions in depressive symptoms over acute treatment (Rohan et al. 2007 ). However, in participants randomized to solo CBT (but not to solo LT or to combined CBT ? LT), a greater degree of improvement on the DAS and ATQ during the 6 weeks of treatment was associated with less severe depressive symptoms the next winter in the ITT sample. Similar results were found in a secondary analysis of participants who completed the acute treatment and next winter follow-up, with replication of change in negative automatic thoughts predictive of next winter depression score in solo CBT only. Unlike the ITT analysis, the completer-only analysis did not show change in dysfunctional attitudes as a significant predictor of follow-up depressive symptom severity in the solo CBT group. The regression models were conducted with a sample size of 69 and six predictor variables. This ratio of participants to predictors is sufficient for hypothesis testing based on previous statistical recommendations (Miller and Kunce 1973) .
The observed pattern of results suggests that the effectiveness of solo CBT over light therapy at the next winter follow-up (Rohan et al. 2009b ) may be due to the change in cognitive constructs over the course of acute CBT treatment. Specifically, a reduction in endorsed dysfunctional attitudes and frequency of automatic negative thoughts over acute treatment with solo CBT may be mechanistic of its long-term effects. This suggests that CBT for SAD may exert lasting benefits via offsetting underlying cognitive vulnerability processes that contribute risk for future onsets of the disorder. In contrast, the degree of change in cognitive constructs over the acute course of LT or combined CBT ? LT was not associated with next winter depression outcomes and, therefore, may be incidental to improved depression over treatment. In other words, the change in cognitive constructs observed over treatment with CBT may provide prophylactic benefits and be mechanistic in its long-term effects, whereas cognitive change that occurred during the course of LT and combination treatment may be state-dependent.
These findings are consistent with previous studies on cognitive mechanisms of treatment with cognitive therapy for non-seasonal depression. Research on depression treatment has shown a temporal relationship between cognitive improvement and depressive symptom improvement, whereby early cognitive change proceeds and predicts subsequent decreased symptomatology (Garratt et al. 2007) . DeRubeis et al. (1990) compared depressed patients receiving either cognitive therapy or pharmacotherapy (imipramine) on a variety of cognitive constructs over 12 weeks of treatment. Consistent with the results from the current study, significant changes were seen in both groups on the DAS from pre-to mid-treatment with no differences between treatments. However, DAS change within the first 6 weeks of treatment was predictive of subsequent depression improvement in the cognitive therapy group only, implying that cognitive change may be a specific mechanism underlying cognitive therapy's efficacy. In contrast, cognitive change does not appear to be mechanistic in pharmacotherapy treatments. For example, Fava et al. (1994) found that change in dysfunctional attitudes in patients treated with fluoxetine over 8 weeks was not predictive of symptom improvement, further supporting the specificity of cognitive mechanisms to cognitive therapy outcomes. Additional findings show that dysfunctional attitudes and negative automatic thoughts do not play the same mechanistic role in other psychotherapy interventions distinct from cognitive therapy (i.e., group acceptance and commitment therapy; Zettle et al. 2011) . Thus, cognitive change appears to be uniquely instrumental to treatment response to cognitive therapy in non-seasonal depression.
Interestingly, contrary to our hypothesis, cognitive change over treatment did not predict next winter depression outcomes in participants randomized to combined CBT ? LT. This finding is consistent with the pattern of results from the primary efficacy analyses (Rohan et al. 2009b) . Although the CBT (7.0 %) and CBT ? LT (5.5 %) groups both had significantly smaller proportions of winter depression recurrences than the solo LT group (36.7 %) the next winter, only solo CBT (not CBT ? LT) was associated with significantly lower depression severity on the SIGH-SAD and BDI-II the next winter as compared to solo LT (Rohan et al. 2009b) . Considering these efficacy results in combination with the results reported here, it is possible that adding LT to CBT waters down the cognitive mechanism of CBT. It is plausible that in the CBT ? LT group, there was an over-reliance on the antidepressant effects expected from LT, such that reduced efforts were put into the CBT components of treatment. Furthermore, due to the intensity of the CBT ? LT intervention, individuals may have allotted less time or resources to learning or practicing CBT skills. If so, such dilution of the cognitive mechanism would be detrimental in combination CBT ? LT considering that CBT may exert its long-term benefits via offsetting cognitive vulnerability processes that contribute risk for future depressive symptoms. A similar finding of apparent ''watering down'' of CBT's efficacy in combination treatment was found by Barlow et al. (2000) comparing CBT versus CBT and imipramine in the longterm treatment of panic disorder. Although combination treatment was associated with significantly better results than solo CBT at the conclusion of the 12 weeks of acute treatment and in the short-term (i.e., over the 6 months of maintained treatment), combination treatment was associated with the highest relapse rate at follow-up 9 months later. The authors concluded that the addition of imipramine to CBT treatment reduced the long-term durability of CBT. Furthermore, a meta-analysis comparing CBT plus pharmacotherapy versus CBT plus placebo across a range of anxiety disorders found that although CBT plus pharmacotherapy was superior at post-treatment, the treatments were comparable at follow-up assessments (Hofmann e tal. 2009 ). These findings indicate that the addition of adjunct treatments to CBT does not improve, and may be detrimental to, CBT's long-term efficacy.
It is noteworthy that our results show change over acute treatment in both dysfunctional attitudes and negative automatic thoughts, but not rumination or distraction tendency, as potential mechanisms underlying the antidepressant effects of solo CBT. According to cognitive theories of depression, these cognitive constructs are distinct in content and stability. Beck's theory of depression (Beck 1967; Beck et al. 1979 ) defines dysfunctional attitudes and automatic thoughts as intermediate and surface-level cognitions, respectively, that are mood-state dependent (i.e., accessible in conscious awareness when in a depressive state) and serve as targets in his cognitive therapy for depression. In contrast, Nolen-Hoeksema's theory (1991) conceptualizes one's response style to a depressed mood (i.e., rumination or distraction) as trait-like regardless of current mood state, supported by studies showing stability of response style scores over follow-up periods (Just and Alloy 1997; Nolen-Hoeksema et al. 1994) . Therefore, rumination reflects a disposition towards a cognitive process whereas automatic thoughts and dysfunctional attitudes reflect cognitive content associated with depressed mood. In line with these theories, cognitive change over CBT treatment as a predictor of follow-up depression status should involve the DAS and ATQ more than rumination.
To our knowledge, this study is the first to examine the effects of cognitive change during acute treatment on longterm outcomes in the treatment of SAD. These findings are an important first step in identifying how CBT for SAD may exert prophylactic effects on SAD. Future studies should employ more frequent assessments to capture the trajectory of change in cognitive processes over the course of treatment and to provide a more detailed picture of when this change occurs. Ecological momentary assessment of cognitive constructs may be one way to examine these processes throughout treatment without the influence of retrospective recall biases (Wenze et al. 2007 ). Studies examining cognitive variables at follow-up time points would provide a stronger argument for the mechanistic effect of cognitive constructs in the long-term efficacy of CBT for SAD. Specifically, measuring cognitive constructs at the next winter would provide information as to whether cognitive change that occurred over treatment was sustained and whether this differs between treatment groups. As this study focuses on the psychological vulnerability to SAD and a possible mechanism underlying CBT, future studies should also examine theoretically-relevant mechanisms that are better matched to the light therapy modality (e.g., circadian rhythm alignment). A randomized clinical trial comparing the effectiveness of CBT and light therapy that measures both circadian rhythm and cognitive changes at multiple time points over the acute treatment phase and in the next winter would be best suited for this.
There are several limitations to our study. The first, as previously mentioned, is the lack of more frequent cognitive measures over treatment and at the follow-up assessment. Additionally, as this was a naturalistic follow-up, we invited participants to return to our lab the next winter after the initial treatment phase of the study. Depressive episodes and symptom fluctuations may have occurred in the interim between treatment endpoint and next winter follow-up, which would not have been captured. However, as the pattern of depressive episodes in individuals with SAD is highly predictable, there is less concern regarding this than would be the case in non-seasonal depression. Another limitation is the generalizability of our findings due to homogeneous sample demographics. Studies are needed to replicate these results in more diverse samples including greater numbers of males, individuals from under-represented racial and ethnic groups, and less educated individuals. Furthermore, it has yet to be seen if such findings are consistent in different geographical locations, in individuals with comorbid psychopathology, and in community mental health settings. Additionally, this study did not collect data on physiological (e.g., circadian) or other mechanistic measures specific to LT and, therefore, cannot compare CBT versus LT on potential modality-specific mechanisms underlying treatment efficacy. As another limitation, data on personality disorders and previous treatments utilized as potential moderators of treatment outcomes was not collected. Despite these limitations, our findings are promising and represent a first step in determining mechanisms underlying the enduring effectiveness of CBT following SAD treatment. A reduction in dysfunctional attitudes and negative automatic thoughts may be a unique mechanism underlying solo CBT that explain its enduring effects the next winter.
